For a vehicle diving into the sea, the variation of velocity with horizontal distance covered was studied, the conditions being that the vehicle requires minimum time and that the horizontal distance is fixed. The variation of the vehicle's trajectory angle and time versus depth was also investigated. The variational problem ma~es use of the isoperimetric condition. The second-otder differential equation was solved by the Runge-Kutta-Nystrom. method and the isoperimetric condition by
velocity of the cylinder, then the equation of motion is d/dl «I/2) MU2 + (I/2) M'U2) = XV. If, on the other hand, the sea-vehicle is assumed to be a bathyscaphe, which is spherical, then the liquid increases the inertia of the sphere by half of the mass of the liquid displaced, i.e. by M'/2, where M' equals (4/3) 7ta3 and a is the radius of the sphere. Thus, if V is the velocity of the sphere, then the equation of motion can be written as d/dl «I/2) MV2 + (I/4) M'V2) = XV. Incidentally, in aerodynamic studies, the effect of added mass is usually very small and is therefore neglected . which required minimum time to descend from a higher altitude to a lower one2, given a specified horizontal distance. Since the methods adopted in the study of submarine problems rely heavily on, and are almost identical to, those used by aerodynamicists, it is proposed to apply the above aspect of re-entry problem to an underwater vehicle as it plunges from one depth to another. In this paper, 'vehicle' essentially refers to a submarine though a submersible or a torpedo could also come under its purview.
When a body moves through a fluid it appears to have a greater mass than its actual mass23. The effect of added mass has therefore to be considered while analysing motion in an underwater environment. Added distance travelled is shown in Fig. 2 for 1 = 500 m and 600 m. Here the tendency for rapid decrease of depth with horizontal distance covered is evident only later . As the vehicle sinks, its velocity decreases. This is essentially due to the choice of the con~tants which make the drag term on the RHS of Eqn (1) to dC"Dinate over the gravity term. If the initial velocity is considered as small, then the gravity term will dominate and the vehicle will sink with increasing speed. Figure 2 shows the variation of the trajectory angle from an initial horizontal entry angle of 300 to about 87° for 1 = 500 m. For 1 = 6on m, for the same horizontal angle, the final angle is about 86°. 
DISCUSSION AND CONCLUSIONS
The solution of Eqn (12) provides the minimum of the functioQal (8) because the Legendre's condition of a weak minimum Hv'v' > 0 is satisfied. This condition is valid when;. is negative. If;. is positive, then Hv'v' < 0; thus one gets a maxima instead of a minima. The importance;. of is clear at this stage.
We have chosen the constants arbitrarily. It would be better if realistic data are used. The main hurdle in such a case is that a literature void exists owing to the tendency of researchers to submit their findings to inaccessible technical journals or to even more elusive defence reports. We however, feel that the efficacy of the analysis is not impaired because of the choice of the constants.
The minimum time problem cannot be solved by taking any arbitrary values; rather one has to exercise caution in using the values. For example, in the above problem, the solution for ]=100 m (say) cannot be obtained because of the fact that the initial angle (}; has been considered as 30°. Probably, a very steep angle is required to realise the objective and before making a choice its physical validity needs to be examined. This argumentiS'valid, perhaps to a greater extent, for other parameters.
Besides minimising the time, the distance travelled, s, can also be minimised. In that case the LHS of Eqns (1) to (4) would be (m + m') V dV/ds, {m + m') y2 d(}lds; V dzlds and V dxlds, respectively. The differential Eqn (12) would ne<;essarily have to be modified. We propose to deal with actual systems and realistic constants in our future study.
The numerical calculations were done on a DCM T ANDY 3000 PC at ISSA.
